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~200 cell stage. We define the stereotyped sister cell asymmetries (as
observed by different cell sizes, cell cycle times, and beta-catenin
activation patterns) in each cell division cycle within this period. The
patterns of spindle orientation are tightly regulated on the right and
left side to generate invariant embryonic symmetries as well as
asymmetries. Bilateral symmetrical patterns of progenitor cells arise
within most of the cell lineages e.g. that form pairs of eyes and the
brain. However, symmetries get sometimes broken to generate
asymmetric single embryonic progenitors that may form the apical
organ and the dorsal midline. Our analyses demonstrate how
modules of sister cell asymmetries form animal–vegetal, dorsal–
ventral, and left and right global embryonic axes.
doi:10.1016/j.ydbio.2011.05.568
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Gbx2 encodes a DNA-binding transcription factor that plays pivotal
roles in patterning the vertebrate neural tube. Loss-of-function and
overexpression studies in several vertebrate species have demonstrated
a requirement of Gbx2 for anterior hindbrain and inner earmorphogen-
esis. However, relatively little is known about its mechanism of action.
The aimof thepresent studywas touse chromatin immunoprecipitation
coupled with direct sequencing (ChIP-Seq) analysis to identify cis-
regulatory elements bound by GBX2 to provide insight into its direct
downstream targets. The analysis has revealed a number of statistically
significant candidate target genes of GBX2. Three of which, Proto-
cadherin 15 (PCDH15), Usherin (USH2A) and NOTCH2, are expressed in
the inner ear. Interestingly, PCDH15 and USH2A are associated with
multiple subtypes of Usher syndrome, the most common form of deaf-
blindness in the United States and are necessary structurally and
functionally for development of the inner ear and eye. Similarly, Notch
signaling is necessary for normal development of sensory organs in the
inner ear. Consistent with our bioinformatics analysis, we determined
through gel shift analyses that the sequences identified within genes
encoding PCDH15, USH2A and NOTCH2, are directly bound by GBX2. In
addition, we show through RT-PCR analysis that all three genes are co-
expressed with GBX2 in cochlear and vestibular tissue during inner ear
development. Together, these results suggest that an important function
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Thephenotypic loss or regression ofmorphological traits is awidely
present, but poorly understood phenomenon. The loss of phenotypic
characters is difficult to easily reconcile with natural selection. Are
certain traits under negative selection avoid a metabolic cost?
Alternatively, do regressive features reveal the pleiotropic conse-
quences of genes selected for an unrelated fitness benefit? Or, do
regressive features arise in populations due to drift? The brown
mutation, characterized in several independent populations of the
Mexican cave tetra Astyanax mexicanus, is encoded by the gene Mc1r.
Brown is a simple trait affecting pigmentation and leading to brownish
eyes and reduced numbers of pigment-producing melanophores. This
phenotype fails to complement in crosses between several indepen-
dent, extant cave populations, implying the brown phenotype is
governed by the same locus among cave populations. Three of the nine
caves manisfesting the brown phenotype harbor coding sequence
alterations in the gene Mc1r (melanocortin-1 receptor). The other six
populations inwhich the brownmutation occurs, may be explained by
cis -regulatory changeswithin the promoter region ofMc1r. Regulatory
mutations can alter expression of the mRNA encoded at a given locus,
and provide a mechanism wherein antagonistic pleiotopy is avoided.
To approach this question, we have cloned the genomic region ~2.8 kb
upstream of the Mc1r start codon. Sequence data demonstrates
numerous sequence alterations that are fixed between surface and
cave form populations, possibly indicating that changes to the putative
promoter region lead to reduced expression of Mc1r in independent
cave populations. This work implies that certain phenotypes arising in
geographically separate cave populations are governed by genes that
are particularly vulnerable to mutation in evolved troglobitic species.
doi:10.1016/j.ydbio.2011.05.570
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The mechanism by which dorsoventral limb patterning occurs
remains unclear. Lmx1b is a transcription factor that is necessary and
sufficient for limb dorsalization; however direct targets are currently
unknown. Microarray analysis comparing wild-type and Lmx1b
knockout mouse limbs during dorsalization (embryonic day (E)
11.5, 12.5, 13.5) identified four proteoglycans (Keratocan, Lumican,
Decorin, and Aggrecan) that were up-regulated by Lmx1b. To further
characterize the Lmx1b regulation of these genes, we turned to the
chick model. We anticipated Lmx1b up-regulated target genes would
be both dorsally restricted and conserved across tetrapods. To
confirm dorsal restricted expression of these proteoglycans, we used
whole mount in situ hybridization in embryonic mice and chick limbs
throughout limb dorsalization (E11.5, 12.5, 13.5, and 14.5 and
Hamburger-Hamilton stages 23, 25, 27, and 29, respectively).
Aggrecan localizes to condensing cartilage during dorsalization in
mouse and chick limbs. In mice, Keratocan is initially expressed
within the dorsal mesoderm then further localizes to the dorsal
tendons at E14.5. Surprisingly, it was also detected in a few ventral
tendons at E14.5. Lumican and Decorin have similar dorsal expression
patterns in mice. In hindlimbs, there is also focal proximal expression
within ventral mesoderm. In chick limbs, Keratocan and Decorin
show diffuse dorsal and ventral expression with strong staining along
the ventral digits coincident with ventral tendons. Similarly, Lumican
has diffuse dorsal and ventral mesodermal expression. In contrast,
within the autopod, Lumican has sub-AER expression that increases
in intensity with stage progression. The marked difference in
expression between mice and chicks during limb dorsalization was
unexpected. These contrasting expression patterns suggest that the
Lmx1b-directed cascade of gene regulation during limb dorsalization
is not conserved across species. The disparity may also reflect species-
specific variations in dorsal limb structure and function.
doi:10.1016/j.ydbio.2011.05.571
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